SUMMARY The contractile properties of ankle dorsiflexor and plantarflexor muscles in 20 patients with limb girdle muscular dystrophy have been compared with those in matched controls. Twitch and voluntary torques were significantly smaller in the patient population and in nine patients it was impossible to record a twitch from tibialis anterior, a dorsiflexor muscle studied in detail. The disease process evidently ran a more rapid course in tibialis anterior than in plantarflexor muscles and this susceptibility was related to some aspect of the muscle other than its fibre type composition. Surviving fibres in dorsiflexor and plantarflexor muscles did not reveal evidence of excitation-contraction uncoupling; they exhibited normal post-activation potentiation and fatigue properties. Some patients were initially incapable of exciting their motor units maximally during voluntary contractions. A finding of possible pathogenetic significance was that one patient, with prominent calves, developed exceptionally large voluntary torque in his plantarflexor muscles.
Relatively little is known concerning the contractile properties of muscles in patients with limb girdle muscular dystrophy and the information available has come from two intrinsic muscles of the hand and foot, the adductor pollicis'-3 and the extensor digitorum brevis. 4 Since the weakness in this disorder is most evident in larger, more proximal, muscles than in smaller distal ones, there is added interest in studying the former. Accordingly, in the present study measurements of voluntary and evoked contractions have been made in the dorsiflexor and plantarflexor muscles of the ankle, together with the associated muscle impulse activity. As in an earlier study of myotonic dystrophy,5 we have sought information concerning certain fundamental aspects of contractile behaviour in limb girdle muscular dystrophy; these are the relative involvement of fasttwitch and slow-twitch muscle fibres, the relationship between force development and evoked muscle impulse activity, the ability of patients to utilise fully their available muscle mass and the potentiating and fatigue properties of the dystrophic muscle fibres.
Methods

Subjects and patients
Experiments were performed on 20 patients with limb girdle muscular dystrophy (13 males and 7 females aged 19 to 63 years) and on the same number of healthy subjects; the latter were closely matched to the patients for age, sex, weight and height. The diagnosis of limb girdle muscular dystrophy was made in all cases on the basis of the clinical features and EMG; in addition, muscle biopsies had been carried out on some patients and there was sometimes a history of an affected relative. All patients and subjects volunteered for the experiments and were paid. The project carried the approval of the Ethics Committee at McMaster University.
Techniques and protocol
The study was carried out on the dorsiflexor and plantarflexor muscles of the ankle; the tibialis anterior was the dorsiflexor muscle used for analysis of the twitch. The person sat with one leg mounted in a torque measuring device,6 the hip and knee being at right-angles. The ankle was adjusted to either 20" of plantarflexion or to 10' of dorsiflexion, depending on whether the dorsiflexor or plantarflexor muscles respectively were to be examined. In six patients passive dorsiflexion was restricted due to contracture of the Achilles tendons. The arrangements of the stimulating and recording electrodes were identical to those described previously,7 and all measurements of evoked activity were made with stimuli of supramaximal intensity applied to the respective motor nerve fibres. The leg was warmed with an infrared lamp so as to maintain the skin temperature of 34°-38°C. After the "resting" twitches and M-waves had been recorded, post-activation potentia- 1254 Belanger, McComas LGMD (x) 70-than that of control muscles (table) . Plantarflexor muscles normally show less potentiation than tibialis anterior' and this was found to be true for the dystrophic patients also; although there was rather more potentiation in plantarflexor muscles of patients than controls, the large variation between patients rendered the difference statistically insignificant. In all the muscles tested the contraction and half-relaxation times of the potentiated twitches became shorter, irrespective of the extent of the potentiation; this finding indicated that potentiation had resulted from an increase in the intensity, rather than in the duration, of the active state.'0 The question of efficacy of muscle impulse activity in eliciting contractile responses was assessed by comparing the M-wave amplitudes and twitch torques (fig 2) . In the dystrophic group, a significant correlation was obtained only for the plantarflexor 
Muscle fatigue
The susceptibility to muscle fatigue in patients with limb girdle muscular dystrophy was assessed by measuring the decline of isometric torque during 60 s of maximal effort. Maximal stimuli were interpolated at 20 s intervals to ascertain whether or not there was a decline in voluntary motor unit activation;7 in general, the degree of activation remained similar to that at the start of the effort, being complete in tibialis anterior but sometimes less so in plantarflexors. These results showed that the central nervous system did not contribute significantly to the fatigue observed in these experiments.
When the results for the patients and controls were compared (fig 4) , it was evident that fatigue was greater in dorsiflexor than in plantarflexor muscles in both groups of subjects; for each type of muscle, however, the mean degree of fatigue was similar in the two subject populations.
Having excluded a central cause for fatigue (see above), the peripheral mechanism was analysed by comparing the M-wave and the twitch torque at the end of the voluntary contraction. Whereas any change in M-wave amplitude was less than the resolution of our recording equipment, the mean tibialis anterior twitch torques declined to 40% and 55% of their initial values in the controls and the dystrophic patients respectively. In contrast, the plantarflexor torques were only slightly reduced in both populations after the fatiguing exercise.
Discussion
Muscle biopsies studied elsewhere" have indicated preferential involvement of type II fibres by the disease process in limb girdle muscular dystrophy and consequently one might have anticipated slowing of the isometric twitch, as was observed in the extensor hallucis brevis. 4 The normal twitch speeds found in the present study were therefore unexpected, although similar results had been obtained in the adductor pollicis by Desmedt.' It is possible that the dystrophic process affects twitch speed to different extents in various muscles of the body; however, an equally plausible explanation would be that conclusions based on histochemical studies, none of which have included quantitative data, may have been invalidated by tissue sampling problems. ' 
